RESULTS:
To date, the Stem Cell Club has recruited 6585 potential registrants, representing 1.63% of donors on Canada's donor-database. Of the recruited registrants, 58.3% were male; 60.3% of males selfreported as non-Caucasian, and 78.5% were ages 17 to 25 years. From 2015 to 2016, the initiative recruited 13.7% of all ethnically diverse males ages 17 to 35 years listed in Canada's donor database. Data from this initiative demonstrate sustainability and performance on key indicators of stem cell drive quality.
CONCLUSION:
The Stem Cell Club has developed a capacity to recruit 2600 donors annually, with the majority being males with a high degree of ethnic diversity. The initiative enhances the quality of Canada's unrelated donor-database, improving the chances that patients in need of an unrelated donor will find a match for transplant. The Stem Cell Club is a model relevant to recruitment organizations around the world. P atients with a variety of blood, immune, or metabolic diseases may require an allogeneic hematopoietic stem cell transplantation as part of their treatment. However, over 70% do not have a suitable human leukocyte antigen (HLA)-matched donor in their families and require a matched unrelated, umbilical cord blood, or haploidentical stem cell donor. Unrelated donors are accessed through searches of international donor registries. Individuals are recruited to become listed on donor registries by enrolling either online or at stem cell drives, at which they provide consent and a tissue sample (such as a buccal-swab) for HLA typing. In Canada, individuals ages 17 to 35 years can register to join the OneMatch Stem Cell and Marrow Network of the Canadian Blood Services, which currently lists over 400,000 registrants. However, it remains challenging to find a match for transplant, with many Canadian patients actively searching for an unrelated donor and many unable to find an identical match.
Stem cell drives should be designed to target recruitment of the most needed donor demographics: young males from a diversity of ethnicities. Younger individuals (i.e., up to age 35 years) should be preferentially recruited, because these donors are associated with improved survival in transplant recipients. 1, 2 Younger individuals also remain on the registry longer once they have been signed up and are less likely to be cytomegalovirus-positive than older donors. 1 Males should be preferentially targeted, because they are selected more often by transplant centers due to their possible association with decreased risk of chronic graft-versus-host disease in some transplant recipients. 1, 2 Male donors also yield higher cell counts in peripheral blood progenitor cell collections and are more likely to meet the target CD341 cell dose. 3 Younger and male donors are also more likely to tolerate the donation process without complications than older and female donors. 4 Finally, individuals from a diversity of ethnic backgrounds should be targeted preferentially, because patients are more likely to find an HLA-matched donor in their own ethnic groups. 5 Many ethnic and racial minority groups experience lower match rates, both within 6-8 and outside 9,10 of North America. This is due to the combination of smaller donor pools, disproportionate representation on individual registries and on the worldwide network, and ethnic/racial differences in genetic diversity and in attrition from stem cell donor databases.
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Although young males from a diversity of ethnic backgrounds are the most needed donors, this demographic made up only 8.8% of donors registered to OneMatch as of January 30, 2017 (Fig. S1A , available as supporting information in the online version of this paper). Females ages 36 to 60 years make up the largest proportion (32.2%) of the donor list, followed by females ages 17 to 35 years (27.6%) and males ages 36 to 60 years (19.5%). Ethnic minorities are also underrepresented on the registry, with over 69% of listed donors self-identifying as Caucasian (Fig. S1B ). Black donors, Aboriginal donors, and Southeast Asian donors each make up only 1% of Canada's registry, despite making up 2.9, 4.3, and 2.8% of the Canadian population, respectively. 12 In addition to recruiting the most needed donor demographics, donor recruitment organizations seek to employ strategies to recruit quality stem cell donors: donors who are informed, committed, and available to donate if asked. A 2003 study by Switzer and colleagues showed that registrants were more likely to be ambivalent toward donating if they felt less informed, had unanswered questions at the time of recruitment, or felt that recruiters were less knowledgeable. 13 In a subsequent study, ambivalence was associated with attrition at multiple stages in the donation process, 14 and it also has been linked to poor psychosocial donor outcomes postdonation. 15 In 2011, the donor recruitment organization Stem Cell Club was launched to improve the quality of the donors listed on Canada's unrelated donor registry. Here, we describe this model for unrelated donor recruitment, outcomes to date illustrating performance in recruitment of the most needed donor demographics and of quality stem cell donors, and the impact on the quality of membership on Canada's unrelated donor registry.
MATERIALS AND METHODS

Launching Stem Cell Club chapters
The Stem Cell Club is a student-run, federal non-profit organization in Canada that runs stem cell drives to improve the quality of membership on Canada's unrelated donor registry. This is accomplished through targeted recruitment of young males from a diversity of ethnic backgrounds who are informed and committed as donors. The club maintains a service-level agreement with Canadian Blood Services, enabling chapters to run donor recruitment drives independently on their behalf. As of January 1, 2017, there are Stem Cell Club chapters at 12 university campuses (Table S1 , available as supporting information in the online version of this paper). Teams of medical, nursing, graduate, and undergraduate students were recruited to launch each chapter. A liaison from the donor registry equipped each chapter with all needed supplies to run drives. Teams registered their chapter as a medical school and/or university campus club, recruited and trained their own volunteers, and applied for renewable club funding where applicable.
Recruiter training
Stem Cell Club recruiters completed the Stem Cell Club's online recruiter training program, which includes three modules, on 1) volunteering at, 2) leading, and 3) organizing a stem cell drive. This training is available at www. stemcellclub.ca/training, and covers all recommended training topics for volunteer recruiters, recruiters, and supervisors as outlined by Schmidt and colleagues (2013) . 16 The training program employs a spiral curricu- 
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Outcome tracking
After each drive, recruiters completed post-event reports, logging the total registrants and the total males recruited. Starting in May of 2013, recruiters also logged the age of male registrants, the self-reported ethnicity of male registrants, and whether any recruited males self-identified as Aboriginal.
Survey of registrant knowledge, ambivalence, and experience at the drive From October to December 2016, newly registered stem cell donors at six stem cell drives run by Stem Cell Clubs in Ontario and British Columbia were invited by research assistants immediately after recruitment to provide their emails to participate in an anonymous survey. Registrants were told that the survey objective was to explore registrant experience at the stem cell drive and that they would receive a $10 gift card after completion of the survey for their time. Surveys were administered via SurveyMonkey (www.surveymonkey.com) within 2 weeks after the drive. In total, two reminder emails were sent to registrants who did not complete the survey. Surveys asked registrants to provide or withdraw consent to be included in the analysis. After survey completion, participants were directed to a second, nonanonymous survey asking for an email address to which the $10 honorarium would be sent.
The Simmons Ambivalence Scale (Cronbach's a 5 0.68) was employed to assess registrant ambivalence at the time of registration. This 7-item scale has been used to assess ambivalence in previous studies of marrow donors. 13, 15 We dichotomized the responses for each item to reflect whether participants expressed any ambivalence (score 5 1) or no ambivalence (score 5 0). An ambivalence scale was formed by averaging the dichotomized responses. A 14-question, true or false, informed consent quiz was designed to assess registrants' knowledge according to World Marrow Donor Association-suggested procedures for informed consent at the time of registration. 18 Registrants also were asked whether they had any unanswered questions after the drive, and they rated their knowledge of stem cell donation before and after the drive. A Likert scale was used to assess registrant perception of recruiter knowledge.
Impact to date on the OneMatch Stem Cell and Marrow Network
To determine the impact of Stem Cell Club donor recruitment on the quality and quantity of membership on Canada's unrelated donor registry, we compared total registrants recruited by Stem Cell Clubs (from May 2013 to January 2017) versus net new registrants listed on the OneMatch Stem Cell and Marrow Registry of the Canadian Blood Services during this time frame. The time frame was selected for analysis because Stem Cell Club recruiters began collecting detailed outcomes in May 2013. We also compared registrants recruited by the Stem Cell Club from 2016 through 2017 with total newly recruited registrants to the OneMatch registry during this time frame. We examined total number of registrants, total males ages 17 to 35 years, total non-Caucasian males ages 17 to 35 years, and total Aboriginal males ages 17 to 35 years.
Registrant follow-up
We set out to determine the percentage of donors recruited at our drives who were accepted to the OneMatch Stem Cell and Marrow Registry and whether any donors were subsequently matched to a patient. Donors recruited at drives from December 1, 2011 to September 1, 2016 (n 5 5243) were tracked through the OneMatch Stem Cell and Marrow Network's Stem Cells National System Solution software. Information was obtained on the number of Stem Cell Club donors currently listed on the registry, not listed, and unknown. For listed donors, it was determined how many had completed verification typing, confirmatory typing, and stem cell donation as of September 1, 2016. The number of Stem Cell Club registrants who completed verification typing was then compared with the total number of donors from OneMatch who completed verification typing from 2011 to 2016.
RESULTS
Recruiting the most-needed stem cell donors
As of January 30, 2017, Stem Cell Club chapters were in place at 12 university campuses across Canada (Table S1 ). In total, 6585 donors have been recruited at 127 stem cell drives (mean 6 standard deviation, 51.85 6 54 registrants recruited per drive). At the drives at which gender outcomes were recorded, 58.3% of 4932 registrants recruited were male (Table 1A) . Of males who were recruited at drives from May 2014 through January 2017 where outcomes were recorded, 60.3% of 2081 males self-reported as non-Caucasian, and 78.5% of 1996 males were ages 17 to 25 years. (Table 1C) .
Registrant follow-up
As of May 1, 2016, of 5234 registrants who were recruited by Stem Cell Clubs, 3700 (70.57%) were available for matching, of whom 419 had undergone verification typing, representing 8.5% of all OneMatch registrants who underwent verification typing from 2011 to 2016; however, none of the Stem Cell Club registrants has undergone k Stem Cell Club data presented for total males, total non-Caucasian males, and total Aboriginal males (all ages 17 to 35 years) reflect only drives at which detailed outcomes were recorded (approximately 75% of stem cell drives). Drives at which detailed outcomes were not recorded were treated as though zero males, non-Caucasian males, or Aboriginal males registered. ¶ Data reflect the percentage of total registrants recruited at drives at which this outcome was collected. # Detailed outcomes were not collected before May 2013.
confirmatory typing or stem cell donation (Table 2A) . Of 601 registrants (11.46%) who were unavailable, 442 (8.43%) could not be contacted after initial registration, and 102 (1.95%) were deferred for not meeting eligibility criteria (Table 2B) . Of 942 registrants (17.97%) who had unknown availability, testing was not complete for 171 (3.26%); and, because of labeling error at the time of registration with subsequent relabeling of the registration kit, 771 registrants (14.71%) could not be traced to the drive at which they were initially registered, although many were indeed registered on OneMatch.
Metrics of quality stem cell donor recruitment
From October 1 to December 1, 2016, newly registered stem cell donors at six stem cell drives run by Stem Cell Clubs in Ontario and British Columbia were invited immediately after recruitment to participate in a survey. Of the 228 stem cell donors (30% non-Caucasian males) who registered during the study stem cell drives, 100 completed the post-drive survey and consented to be included in this analysis, reflecting a 44% participation rate. Twenty-seven percent of survey participants were non-Caucasian males. With respect to ambivalence, mean Simmons Ambivalence Scale scores were 0.19 6 0.22, with 44% of participants scoring 0 of 7, 20% scoring 1 of 7, and 36% scoring 2 or more of 7 (Fig. 1A,B) . Mean scores on the 14-question postdrive informed consent quiz were 82 6 13% (Table S2 , available as supporting information in the online version of this paper). Over 80% of participants understood all of the following: donation non-remuneration; bone marrow and peripheral blood collection methods; ineligibility to donate with blood-borne or transmissible diseases; donor right to withdraw; donor responsibility to update the registry if contact information changes; donor-recipient anonymity; and data storage, privacy, and confidentiality. Thirty-two percent did not know that there were restrictions that prevent everyone from donating, 41% did not know that they would receive a growth factor before peripheral blood collection, and 40% were not familiar with the common side effects.
Registrant perception of their knowledge about stem cell donation significantly improved after the stem cell drive, with 88% of survey participants reported feeling at least moderately informed after the drive compared with 39% before the drive (p < 0.0001; Wilcoxon rank-sum test) (Fig. S3A , available as supporting information in the online version of this paper). Ninety percent agreed or strongly agreed that recruiters were very knowledgeable (Fig. S3B) , and 82% reported no unanswered questions after the drive.
DISCUSSION
Our data reveal that the Stem Cell Club is highly successful at recruiting candidates that augment the ethnic diversity of the registry and improve the quality of its donors. A recent article by Blake and coworkers modeled the effect of different recruitment strategies on the composition of the OneMatch Stem Cell and Marrow Network registry and found that recruitment of at least 25,000 individuals per year is necessary to achieve flexibility sufficient to accomplish meaningful change to the registry composition. 21 Currently, the Stem Cell Club has demonstrated a capacity to recruit over 2600 donors annually, of which the majority are males, and most of these males are from a diversity of ethnic backgrounds. Therefore, the Stem Cell Club's recruitment efforts account for 10.4% of the minimum donors needed to effect meaningful change in the registry over time. Our success in the recruitment of Aboriginal Peoples in particular (Table 1B,C) showcases the strength of our initiative in the targeted recruitment of needed donor groups. A separate study by Blake and colleagues modeled registries of different sizes drawn from North American populations and indicated that the recruitment of Aboriginal Peoples as donors was an efficient way to improve both genetic diversity on the registry and the proportion of individuals who could find a match. 22 Altogether, our work addresses known ethnic disparities in match rates [6] [7] [8] and improves the odds that patients from all ethnicities will find a matched unrelated donor for transplant. These efforts are also timely given the increasing need for unrelated stem cell donors in Canada. Allan and coworkers have reported that, as fertility rates in Canada continue to decrease over time, so too will the number of patients who have HLAmatched sibling donors. 6 Therefore, the authors projected an increase in reliance on alternative donors in Canada.
Unrelated donors remain the most common donor choice for allogeneic transplantation. 23 Haploidentical and umbilical cord donors both represent emerging alternative sources of stem cells for patients who require a transplant but lack a matched related donor. In the 2015 European Society for Blood and Marrow Transplant activity survey report, the use of haploidentical donors was increasing, whereas the use of cord blood donors was declining 23 ; projected demand of these sources remains unclear. Despite the increasing demand for haploidentical donors, improving the unrelated donor registry remains a worthwhile endeavor to help the many patients currently searching for a matching unrelated donor. Moreover, there will always be patients without a matched sibling or are shown. Data were collected as part of post-stem cell drive survey (n 5 100; response rate, 44%). Registrants who reported any degree of ambivalence on an item received a score of 1 for that item. Specifically, registrants received a score of 1 if they reported having a moderate (57%) or hard (1%) time donating, if they had to think over the decision to donate (19%), if they answered yes to ever having doubts about donating (32%), if they would feel relieved if they could not donate (2%) (compared with feeling saddened [57%] or having no opinion [41%]), if they agreed (27%) or strongly agreed (4%) that they sometimes felt unsure about whether they would go through with donating, agreed (10%) or strongly agreed (2%) that they would want the transplant patient to get stem cells from someone else instead of them, and disagreed (16%) or strongly disagreed (2%) that they would really want to donate themselves even if someone else could do it.
haploidentical donor who require a matched unrelated donor. Finally, it is important to note that our model of donor recruitment is highly sustainable, both financially and from a human resources perspective. All chapters founded before 2016 have demonstrated success in securing funding external to the registry (Table S1) , and recruitment and training of recruiters across Canada continues to expand (Fig. S4 , available as supporting information in the online version of this paper). We also demonstrate that the model is highly scalable, with eight chapters successfully launched from August 1, 2015 to January 30, 2017. The publication of our training program, checklists, and other resources online at www.stemcellclub.ca has facilitated the launch of new chapters, and the Stem Cell Club is currently in the process of launching seven additional chapters at campuses across Canada. We project accelerated donor recruitment as new chapters are launched and existing chapters developed. Altogether, the Stem Cell Club model is highly applicable to other jurisdictions and can be employed to enhance donor recruitment organizations around the world. In addition to recruiting the most needed donors, the Stem Cell Club seeks to spearhead quality stem cell drives to recruit committed individuals. A preliminary study of 100 registrants indicates that 44% are fully committed without any reported degree of ambivalence, and a further 20% report any degree of ambivalence on only one item (Fig. 1A) . This reassuring characterization of registrant ambivalence is particularly relevant in this population of principally university campus-recruited donors, because a 2004 study by Switzer and colleagues indicated that joining at a college or university was associated with higher attrition at the time of confirmatory typing: Of 21 registrants who joined at university or college drives and were asked to undergo confirmatory typing, 14 opted to withdraw, and seven decided to proceed with donation (odds ratio, 2.08; p < 0.05).
14 The performance on key quality indicators associated with ambivalence as well as registrant overall informed consent quiz scores (Fig. S3A ,B, Table S2 ) characterizes the achievement of best practices in donor recruitment at drives. 13 The results here also inform quality-improvement efforts, particularly because some registrants did not understand details of the peripheral blood stem cell collection process (specifically the need for granulocyte-colony-stimulating factor ahead of apheresis) and may not have fully appreciated risks such as donation-associated pain in their decision to register. 24 The Stem Cell Club has already taken steps to improve its recruiter training programs to address these gaps. In December 2016, a recruiter training video series was launched that demonstrated all aspects of stem cell drive operations (including securing informed consent) to supplement the online modules. Moreover, in advance of their first drives, recruiters now complete a mock stem cell drive practical workshop, which requires the recruiter to demonstrate their approach to securing informed consent and to practice teaching inexperienced volunteer recruiters to secure informed consent (training resources are available at www.stemcellclub.ca/training). With respect to the limitations of our analyses, detailed outcomes were not recorded at approximately 25% of stem cell drives. We elected not to estimate the males and ethnically diverse registrants recruited at these drives in calculating impact, resulting in more conservative estimates. However, we were still able to follow up on these donors using event information (such as registryassigned event key, event date, and location). The impact calculations also do not factor in the finding that 11.46% of the first 5234 registrants we recruited did not make it onto the database (primarily because of inability to be contacted and ineligibility), and the availability of a further 14.71% was unknown because of labeling error at the time of recruitment, which prevented registrant follow-up. Quality-improvement efforts to address these issues have included revisions to the recruiter training program and checklists to emphasize the labeling process, the importance of registration form legibility and completeness, and the downstream consequences of errors.
Although none of the registrants recruited by the Stem Cell Club have proceeded to confirmatory typing and donation, 419 (11.3% of the first 3700 registrants available for matching) have undergone verification typing, reflecting 8.5% of all OneMatch registrants who underwent verification typing from 2011 to 2016. These data highlight the availability and commitment of the cohort. With the passing of time, and especially as the Stem Cell Club continues to expand to additional campuses, we expect the registrants to increasingly progress through the predonation stages and go on to donate.
In summary, we show that the Stem Cell Club is an effective model of unrelated donor recruitment. The Stem Cell Club recruits the most needed stem cell donors, runs quality stem cell drives, and, in, a short period of time, has demonstrated a significant impact on Canada's unrelated donor database. We further demonstrate the sustainability and scalability of the model. The Stem Cell Club model is applicable to donor recruitment organizations across the world that seek to improve the quality of the donors they recruit. Table S2 . Results of the 14-question informed consent quiz* Fig. S1 . Composition of the OneMatch Stem Cell and Marrow Network of the Canadian Blood Services as of January 30, 2017. Fig. S2 . Stem Cell Club model of the Stem Cell Drive, featuring five stations: prescreening, informed consent, registration, swabbing, and reconciliation. At the prescreening station, recruiters engaged potential donors, explained the purpose of the drive, and ensured registrant eligibility. To register for the OneMatch Stem Cell and Marrow Network, registrants needed to be between ages 17 and 35 years, in good general health, willing to donate to anyone in need, and willing to provide a tissue sample (buccal swab). They also were required to have health care coverage in Canada. Recruiters promoted the stem cell drive using posters available in our online poster library (available at www.stemcellclub.ca/ promo.html). Ineligible donors were redirected to help in other ways, such as via blood donation, financial donation, or recruitment of eligible individuals in their community and social networks to register as donors. At the informed consent station, recruiters educated prospective registrants about the donation process, outlining our stem cell donation procedure diagrams (available at www.stemcellclub.ca/supplies.html). Recruiters highlighted potential risks of donation, the registrant right to withdraw, and donor-patient anonymity. At the registration station, recruiters guided registrants to complete the required registration paperwork and signed consent, ensuring good documentation practices; and educated about data privacy, confidentiality, storage, and use. At the swabbing station, recruiters guided registrants through the tissue sample collection process (buccal swab) and affixed a set of unique barcode labels to each registrant's registration materials. Finally, at the reconciliation station, recruiters performed a final error check of all registration kit components, verified that informed consent was obtained, provided final information, and processed the registration kits for shipment. This model will be more completely described in a forthcoming publication (Fingrut and Allan, submitted for publication). Fig. S3 . Performance on variables known to be associated with registrant ambivalence (n 5 100 registrants, reflecting 44% survey participation rate). (A) Registrant perception of their knowledge before and after the stem cell drive. A significant improvement was seen in selfreported knowledge by Wilcoxon rank sum test (p < 0.001). (B) Registrant perspective on whether recruiters were knowledgeable. Fig. S4 . Cumulative number of Stem Cell Club recruiters who completed Stem Cell Club's training modules since time of publication online at www.stemcellclub.ca. The Level 1, 2, and 3 modules outline how to volunteer at, lead, and organize a stem cell drive. Completion of each module was logged on passing a post-module quiz with a score of 80% or better, for which recruiters were required to enter their names and chapters. Quizzes were administered via SurveyMonkey (www.surveymonkey.com), with links to module-specific quizzes available at the end of each module.
